Eight physicochemical factors which affect the uptake of lissamine green on filter paper impregnated with serum proteins have been examined, and their relevance to the staining of electrophoretically separated protein fractions is discussed. It is shown that grade of paper, weight of protein applied, separate and combined denaturation and staining time, temperature and concentration of staining solution, concentration of denaturant, and type of protein all influence the weight of dye absorbed per unit weight of applied protein, and must be rigidly standardized if valid quantitative results are to be obtained.
Despite the large number of publications dealing with the separation and staining of serum proteins by paper electrophoresis, there is a relative paucity of information concerning the role of physicochemical factors. McDonald (1952 McDonald ( , 1955 , McDonald, Urbin, and Williamson (1951) , McDonald, Lappe, Marbach, Spitzer, and Urbin (1953), and McDonald, Foresman, and Bermes (1957) have shown how such variables as temperature and voltage affect the mobility, while studies such as those of Franglen and Martin (1954) , Jencks, Jetton, and Durrum (1955) , Franglen (1956) and Henry, Golub, and Sobel (1957) indicate the complexity of the numerous entities influencing the uptake of dye by the separated components.
One result has been to demonstrate the deficiencies of some dyes and the advantages of others. Thus lissamine green has come to be favoured by many workers (Discombe, Jones, and Winstanley, 1954; Abdel-Wahab and Laurence, 1955; Dangerfield and Smith, 1955; Rideout and Prichard, 1955 ; Gilliland, Johnston, Stradling, and Abdel-Wahab, 1956; Owen, 1956; Gorringe, 1957; Rappaport, Eichhorn, and Fischl, 1957) . Unfortunately, most of the dyes studied under the conditions reported to date suffer from some draw-* Presented, in part, at the Perth Meeting of the Australian Biochemical Society, August, 1959. back such as variation of dye uptake with protein fraction. This has led to the use of correction factors in some quarters (Cremer and Tiselius, 1950;  Koiw, Wallenius, and Gronwall, 1952) ; but their adoption has been questioned on the ground that there is no adequate standard for comparison (Owen, 1956 ). Accordingly, claims that bromophenol blue (Hardwicke, 1954) and lissamine green (Gorringe, 1957) have the same binding capacity for the different protein fractions merit close consideration. The object of the present study is to examine some physicochemical variables affecting the uptake of lissamine green and thus test its suitability as a stain in paper electrophoresis. (Sunderman, Sunderman, Falvo, and Kallick, 1958 
Resulto
The following results describe the effects on lissamine green absorption of (1) grade of filter paper, (2) weight of protein applied, (3) combined denaturation-staining time, (4) concentration of dye, (5) combined denaturation-staining temperature, (6) concentration of salicylsulphonic acid, (7) protein fraction, and (8) separate times of denaturation and staining.
Effect of Grade of Paper.-To test the effect of different types of Whatman filter paper, three 10 ,lI. volumes of serum protein of concentration 5.22 g. per 100 ml. were pipetted on to each of Nos. 2, 3, and 3MM grade papers. After combined denaturation-staining, the areas of the protein spots were determined by planimetry. They were then eluted and the weights of dye absorbed per square cm. evaluated. The results are shown in Table I . It is apparent that the highest dye uptake is on grade 3 paper, which also gives rise to the smallest protein area. In quantitation by elution, the advantage o(a high uptake is somewhat offset by the smaller area and thicker paper to be cut out. Moreover, there is the densitometric disadvantage that No. 3 paper is the roughest and hence the least uniform in surface properties. These factors must be borne in mind when choosing a grade of paper; in the present study a middle course was taken and grade 3MM was selected for use.
Effect of Weight of Protein.-There are two ways of applying quantities of protein to paper. The first is to pipette varying volumes of a fixed concentration of protein solution; the second is to pipette a fixed volume of varying concentrations. The weight of dye absorbed per unit area by both these procedures is shown in Fig. 1 In Fig. 2 the ratio of the weight of dye absorbed to the weight of protein applied (D/P) is expressed as a function of (a) area of spot, (b) volume of solution pipetted, and (c) weight of protein applied. The areas and volumes in (a) and (b), respectively, were those used in drawing the fixed concentration curve A of Fig. 1 . The values in Fig. 2(c) were those used in drawing the fixed volume curve B of Fig. 1 As the protein density rises, the dye molecules find it increasingly difficult to occupy the diminishing number of vacant interstices in the paper. Since P, V, and A are all mutually proportional, the progressive decrease of the dyeprotein ratio in each case is to be expected. Similar observations have been made by Gorringe (1957 acid, and the temperature 20' C. Fig. 3 indicates the time-dependence of the dyeEffect of Dye Concentration. -Fig. 4 demonprotein ratio at three protein concentrations. (The strates the effect of varying the concentration of abscissa has been plotted in common logarithms lissamine green in mg. per 100 ml. of 3% aqueous to compress the scale.) The ratio becomes salicylsulphonic acid on the dye-protein ratio independent of protein concentration at approxi-at three protein concentrations. Denaturatioi litre at protein concentrations of A: 5.22 g. per tOO ml., B: 1.04 g. per 100 ml., and C: 0.21 g. per 100 ml. Experimental conditions are described in the text.
The point of intersection occurs at a dye concentration of about 410 mg. per 100 ml. Effect of Temperature.-The dye-protein ratio is seen in Fig. 5 to vary with the temperature of denaturation-staining at the three specified protein concentrations. The dye concentration was 200 mg. per 100 ml. of 3% aqueous salicylsulphonic acid and the time of denaturation-staining was one hour. Under these conditions an optimal temperature of 36°C. was obtained.
Effect of Salicylsulphonic Acid Concentration. Fig. 6 shows the dependence of the dye-protein ratio on the concentration of salicylsulphonic acid at various protein concentrations. The dye concentration was 200 mg. per 100 ml. of aqueous salicylsulphonic acid, the denaturation-staining time was 24 hours and the temperature 240 C. Extrapolation leads to an approximate value of 40 g. per litre for the optimal acid concentration.
Effect 15, 30, 45, 60, 150 minutes, and 24 hours for each staining time.
The results showed that, within experimental error, the dye uptake at a particular staining time was independent of the time of denaturation. Thus denaturation was complete within 15 minutes for the complete range of protein concentrations studied (0.21 to 5.22 g. per 100 ml.) under the following conditions: Dye concentration: 200 mg. per 100 ml. of water; temperature: 170 C.; salicylsulphonic acid concentration: 30 g. per litre. Fig. 8 shows the variation of the dyeprotein ratio with the logarithm of the time of staining in minutes after denaturation for 15 minutes. The conditions were those described in this section, and results were obtained at five protein concentrations. The optimal staining time is attained after approximately 23 minutes. Table II summarizes the five sets of optimal conditions determined in these studies. (Fig. 6) . The expected correlation between uptake and dye concentration leads to the highest optimal dyeprotein ratio of 0.46 obtained in these studies (Fig. 4,  Table II) ; however, in terms of dye-protein ratio per dye concentration, it is the lowest and hence the least economical. It is perhaps surprising to note that at high protein concentrations, the uptake at 300 C. is about twice that at 10°C. (Fig. 5 ). This suggests that fluctuation in laboratory temperature can lead to disconcerting results and that thermostatic control of the staining procedure is advisable.
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